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Experiment/Dimension
The chemical shifts of nuclei enclosed in parentheses are not labelled. Fig S1. Pulse sequence of the 4D HCCH 3 experiment. The polarization transfers pathway is labelled by colour coded dashed lines corresponding to the labelling of nuclei on the structure shown in the inset. This colour coding is adhered also in the Fig. 1 and 2 of the main text, as well as Fig. S2 . The inset also shows the way the four dimensions were ordered when inspecting the spectra. The thin and thick bar represent 90 o and 180 o pulses, respectively, if not stated otherwise applied from the x axis. The shaped 1 H pulses were 1 ms, rSNOB pulses (E. Kupce, J. Boyd, I.D. Campbell, J. Magn. Reson. B 106, 300-303 (1995) ) and the dashed 1 H pulse was a 1 ms rectangular trim pulse applied at full power. Two 2 ms composite 13 C CHIRP pulses were used in the middle of 2∆ 2 and 2∆ 3 intervals. To achieve pure phase of aromatic proton resonance in F 1 , the pulse sequence starts with a DPFGSE (T.L. Hwank and A.J. Shaka J. Magn. Reson. A 112, 275-279 (1995) ) rather than a 90 o selective excitation pulse. The DPFGSE also provides much better initial suppression of resonances outside of the inverted region. The following phase cycling was used: ϕ 1 = x; ϕ 2 = 4x, 4y; ϕ 3 = 2x, 2y; ϕ 4 = y; ϕ 5 = x, -x; ϕ 6 = x; ψ=x,-x. The delays were set as ∆ 1 = 1/4 1 J CHar (155 Hz), ∆ 2 = 1/4 n J CC (6 Hz), ∆ 3 = 1/4 n J CC (8 Hz), ∆ 4 = 0.915/ 1 J CH3 (145 Hz), ∆ 5 = 1/4 1 J CH3 (145 Hz) . The 1 ms PFGs were applied at G 1 = 33%, G 2 = 93%, G 3 = 23%, G 4 = 8%, G 5 = 17%, G 6 = 33%, G 7 = 10% of the maximum strength. The frequency of the 1 H and 13 C channels were changed at indicated time points as follows: 1: 7.5 ppm, 2: 5.52 ppm, 3: 3.8 ppm, 4: 110 ppm, 5: 96 ppm and 6: 56 ppm. The ϕ 1 , ϕ 4 , and ϕ 5 and ϕ 6 phases were incremented according to the States-TPPI protocol. In addition, when t 1 delay was incremented, the ϕ 1 , ϕ 2 and ϕ 4 were incremented by -20 o . When t 2 delay was incremented, ϕ 5 was incremented by +135 o . This resulted in spectral width dependent displacement of resonances within the set spectral widths. Together with folding of resonances this allowed the minimization of spectral widths and maximized the digital resolution.
NMR parameters
1D 13 C NMR spectrum ( Figure 1d ) was obtained using acquisition and relaxation times of 0.63 and 2s; 128 scans were accumulated. The 1 H, 13 C 2D HSQC spectrum (Figure 1b ,c) was recorded using Bruker hsqctgp pulse sequence. The delays were optimised for a 1 J CH coupling of 145 Hz. 6144 x 1024 TD points were acquired during t 2 and t 1 acquisition times of 320 and 127 ms, respectively, covering 12 and 20 ppm. The relaxation delay was 2 s and two scans were acquired per each t 1 increment. The 4D HCCH 3 spectrum was recorded with 576 x 24 x 56 x 16 data points sampling spectral widths of 1.5, 4, 20, 1.2 ppm and yielding t 4 , t 3 , t 2 , and t 1 acquisition times of 240, 15, 7 and 8 ms, respectively. Eight scans were accumulated into each increment. The relaxation delay was 0.9 s resulting in the overall acquisition time of 64 hours. The theoretical chemical shifts of compound 4 were calculated by adding the effect of a COOCH 3 group in position 1 to the database values of methyl 2-methoxybenzoate. 
